Summary.-Using immunofluorescence methods, 3 antisera respectively stain 3 groups of mucous cells of the human gastrointestinal tract, showing specific antigens for each group of cells.
IN A RECENT WORK (Bara et al., 1978) we described an antigen (SGA, now termed M3) that was associated with goblet cells in normal intestinal mucosa but not in normal stomach, and which appeared as an aberrant antigen in certain gastric tumours.
These results prompted us to investigate whether gastric antigens associated with mucous cells not present in the normal colonic mucosa could be seen in colonic tumours. Therefore we studied 2 other antigens in colonic tumours: those termed Ml, already described (Bara et al., 1977) and located in surface epithelium of gastric mucosa but also found in some ovarian mucinous cysts; and those termed M2, which are antigenically different from the M antigens previously described and are associated with gastric and Brunner's glands.
In this paper we describe the precise cell localization of these 3 M antigens in the normal gastrointestinal tract, and their cell association in colonic tumours and adjacent areas.
MATERIAL AND METHODS

Tissues
Gastrointestinal tissue samples were taken from different parts of the gastrointestinal tract not more than 1 h after surgery.
Ten samples of gastric mucosa were obtained from 10 patients with duodenal ulcer, 2 from the cardia, 4 from the fundus and 4 from the pylorus. Other samples were taken more than 2 cm away from 45 different gastric adenocarcinomas. The non-tumoral part of these organs was studied: it was proved normal histologically.
One hundred samples of colonic mucosa were taken near adenocarcinomas of the bowel: 3 of them > 10 cm and the others > 2 cm away from the tumour.
Corresponidence: Jacques Bara, Laboratoire d'Immunochimie, I.R.S.C., B.P. no 8, 94800 Villejuif, France. Samples of duodenum and a part of the jejunum were obtained from a patient suffering from chronic pancreatitis, and one sample of ileum was obtained from a patient with colonic adenocareinoma.
Tumoral tissues: wre have studied 100 adenocareinomas located in eolonie, sigmoidal and rectal mucosa, 3 benign colonic polyps obtained from 3 cases of familial polyposis and 1 benign villous tumour from colonic mucosa. Several samples of each tissues were taken. A piece of non-neoplastic mucosa adjacent to the carcinoma was alw-ays included.
We have also used the mucinous fluid of one ovarian cyst of pure endocervical type according to the classification of Fenoglio et al. (1975) .
Two samples of cardiac, fundal, pyloric and duodenal mucosa were taken by biopsy from patients without gastrointestinal diseases.
Extracts
Crude extracts of gastrointestinal mucosae and ovarian cyst.-The fundal zone of one gastric mucosa without histologically detected intestinal metaplasia was stripped. The mucosa and the adjacent mucus were obtained by scraping the surface of the stomach with a scalpel and homogenizing with an Ultra Turrax homogenizer (Staufen I. Br., Germany) in an equal volume of deionized water, after which it was lyophilized. The same method was used for a pool of 3 samples of colonic mucosa.
The fluid of the ovarian cyst was aspirated and lyophilized.
Preparation of high mol. wt (HMW) proteins.-The ovarian, gastric and colonic lyophilized materials were fractionated individually according to the method described by Andre and Descos (1975) .
The lyophilized materials were first dissolved in a citrate buffer (01M, pH 5) then dialyzed against the same buffer overnight at room temperature in order to precipitate nucleoproteins. These precipitates were removed by centrifugation at 2,500 g for 15 min. Supernatants were dialysed against deionized water and against Tris HCI buffer (O1M pH 8) containing 2M NaCl, and successively chromatographed on Sepharose 6B and Sepharose 2B (Pharmacia, Uppsala, Sweden) in the same buffer.
Nomenclature
In a previous work (Bara et al., 1977) wN,e demonstrated that an antiserum against HMW proteins from pure endocervical-type ovarian mucinous cyst gave by immunoprecipitation 2 main lines with ovarian and gastric antigens. This antiserum stained by immunofluorescence only the surface epithelium of gastric mucosa. The antigens revealed by this antiserum are named MI antigens.
On the other hand, when we absorbed ani antiserum against gastric HMW proteins w%vith the pure endocervical-type ovarian mucinous cyst fluid, this antiserum did not precipitate with gastric or ovarian antigens, but stained the gastric glands by immunofluoreseence. We have named as M2 the antigens shown by this absorbed antiserum.
By analogy, the SGA described previously (Bara et al., 1978) is nomw named M3 antigen.
Imnmunological methods
Antisera.-(a) The antisera against ovarian and gastric HMW proteins mere obtained by the procedure previously described (Bara et al., 1977) . In summary, rabbits were immunized as follows:
Each rabbit received 1 mg of antigenic preparation in complete Freund's adjuvant (Difco, Detroit, Michigan) in the footpads on Day 1. During both the 4th and the 5th weeks, they received 3 booster injections either s.c. or i.v., each of 1 mg of the alumadsorbed antigenic preparation. Rabbits were bled at the end of the 6th week.
(b) Anti-sulphoglycopeptidic antigen (SGA) serum was obtained as described previously (Bara et al., 1978) . Briefly, 1 mg of SGA (purified from gastric tumours) was emulsified in complete Freund's adjuvant (Difco) and injected in the footpads. Three weeks later, booster injections were made with alumprecipitated SGA. Each injection was of 1 mg of SGA. A similar series wvas repeated on the 5th week of the immunization process. The rabbits were bled at the end of the 6th week. Anti-SGA serum is here called anti-M3 serum.
Absorption of the antisera against ovarian and gastric HMW proteins. Each antiserum was individually absorbed by a panel of human red blood cells of various groups (equal volume) for 15 min at 37°C and overnight at 4°C. This was followed by absorption with normal human plasma polymerized with glutaraldehyde (Avrameas & Ternynck, 1969) : 5 g of polymerized human plasma per 10 ml of antiserum.
Antisera against ovarian H1MW proteins containing Ml antigens were finally absorbed with crude colonic mucosa extracts (50 mg dry powder/ml of antiserum) to remove the antibodies against those antigens common to gastric and colonic mucosae. These absorbed antisera are called anti-Ml sera.
Antisera against gastric HMW proteins containing the M2 antigens were also absorbed by the same quantity of colonic crude extract, to remove antibodies against antigens common to colonic and gastric mucosae, and by the lyophilized material of the ovarian mucinous tumour of pure endocervical type (50 mg dry powder/ml of antiserum) to remove antibodies common to this mucinous ovarian cyst and gastric mucosa. These absorbed antisera are called anti-M2 sera.
Anti M sera did not react with previously known components of gastric mucosa, such as pepsinogens (Hirsch-Marie et al., 1976) (Buffe & Rimbaut, 1975) and lactoferrin (Loisillier et al., 1971 Inhibition of immunofluorescence reaction was achieved by incubation of antisera diluted 1/10 with antigenic preparations. Antigenantibody solutions were incubated for 30 min at room temperature and centrifuged at 20,000 g before immunofluorescence testing.
Histopathology
Frozen and paraffin sections were stained with haematoxylin-eosin, PAS (periodic-acidSchiff) for neutral mucins and with alcian blue for acid mucins.
Tissue specimens were fixed in 10% phosphate-buffered formalin (pH 7 4) and processed in the usual manner. Paraffin sections (4 ,um) were stained with haematoxylin-eosin (H. & E.) .
Colonic tumours may be divided into 2 main groups according to the classification of Wood (1967) . In the first group the carcinoma is dominated by undifferentiated cells remaining in aggregates and forming solid bands. These tumours have been variously named carcinoma simplex, carcinoma solidum or medullary carcinoma.
In the other group, by far the most frequent, the tumour is dominated by well differentiated cells which tend to aggregate into glandular structures, occasionally in papillary form. These cells exhibit well formed striated borders and secrete mucus as small vacuoles or in large droplet form. Such tumours are named well differentiated carcinomas.
Occasionally, excessive mucin is accumulated extracellulary and forms large pools of gelatinous material. This tumour is termed a mucoid or mucinous carcinoma.
Tumour extension was classified as A-C according to Dukes (1957) .
Preparation of HM W proteins
When the gastric or ovarian lyophilized material was chromatographed on Sepharose 6B (Fig. 1) (Fig. 2) . The first, IIA, emerged with the void volume: the components thus excluded from Sepharose 2B due to their high mol. wt were designated HMW proteins. They were used for immunization without further purification.
Immunoftuorescence studies of M antigens in non-tumoral gastrointestinal tract The 3 anti-M sera were systematically used on nontumoral gastrointestinal sections, with frozen sections for their tissue localization, and with paraffin sections for their cell localization.
Immunoftuorescence studies of the MI antigens.-Stomach. With frozen sections, anti-Ml serum specifically stained the surface epithelium and neck of the glands in the 3 different zones of the stomach. The cardia, fundal and pyloric deep glands were not labelled. The mucus sticking to the surface epithelium was strongly fluorescent.
The staining was very strong with the antiserum diluted 1/10 and was visible up to a dilution of 1/640. This antiserum diluted 1/10 can be absorbed by 12*5-25 mg (dry wt) crude extract of gastric mucosa or 5 mg lyophilized ovarian mucinous cyst fluid. A quantity of 0 1-0*3 mg (dry wt) HMW antigens of gastric or mucinous ovarian cyst fluid gave complete absorption of this diluted antiserum.
On the paraffin sections of fundal gastric mucosa, the anti-Ml serum stained all the tall columnar cells in surface epithelium and stained foveolar lumen (Fig. 3) . In the isthmus zone of the glands (Fig. 4) the labelled columnar cells were less tall than the surface-epithelium cells; some of them that were not stained probably represent the mucous neck cells of the glands. On the other hand, the parietal cells were not stained. The lumen of the glands was strongly fluorescent, showing the presence of mucinous substances.
Intestine. Normal intestinal mucosa was not labelled by this antiserum except a part of duodenal mucosa adjacent to the gastric antrum where some goblet cells were positive. Immunofluorescence studies of M2 antigens.-Stomach. Using frozen sections, anti-M2 serum stained only glands of cardia, fundus and pylorus. Surface epithelium was unlabelled in these areas. The staining was strong with the antiserum diluted 1/10 and visible up to a dilution of 1/80. Three zones were studied on paraffin sections of fundal mucosa: surface epithelium, neck and base of the glands. On surface epithelium (Fig. 5) 214 iN stained only the lumen of foveolae. The tall columnar cells described above which were positive with the anti-Ml serum were unlabelled with this antiserum. On the neck of glands, many columnar cells showed cytoplasmic staining with anti-M2 serum (Fig. 6) . These cells were similar to the mucous neck cells observed in the same region of the glands and stained by the PAS reagent. The parietal cells, with a spheroidal shape and a spherical, centrally located nucleus, occupying a peripheral position on the tubules, were not stained by this antiserum. At the base of the glands, a few cells were positive. They had basally located nuclei, usually flattened, with a more or less triangular shape. The fluorescence was essentially cytoplasmic. The cells which had a centrally located nucleus (probably chief or parietal cells) were not stained bv this antiserum.
Intestine. This anti-M2 serum was positive on the Briinner's glands of the duodenal mucosa, where the mucous columnar cells with basally flattened nuclei were strongly stained (Fig. 7) . Colonic, sigmoidal and rectal mucosae were not labelled.
The gastric and duodenal staining was not seen with the 1/10 diluted anti-M2 serum absorbed by 50 mg (dry wt) of crude extract of gastric mucosa. The gastric HMW antigens were not the best antigenic material to absorb the antiserum. The fraction which was chromatographed just after the void volume on Sepharose 6B chromatography (Fraction 1B) contained the higher concentration of this antigen, indicating that M2 antigens could have a smaller mol. wt than MI antigens.
Im^munofluorescence studies of M3 antigen. Tissue and cell localization of M3 antigen were reported in a previous work (Bara et al., 1978) . It was found that anti-M3 serum did not stain normal gastric mucosa on frozen sections. On paraffin sections, goblet cells were positive in duodenal mucosa, where Bruinner's glands were negative. In the small and large intestine, the goblet cells were fluorescent. Mucinous droplets in the cytoplasm were strongly stained and, by contrast, enterocytes were negative. Results are summarized in Table I . The same cellular localizations of M antigens were observed with anti-M sera on paraffin sections obtained from biopsy specimens from patients without gastrointestinal diseases and from surgical noncancerous samples.
Immunoftuorescence studies of M antigens in colonic tumours We have systematically investigated, for the presence of M antigens, frozen sections of non-neoplastic mucosa adjacent to carcinomas, benign tumours and adenocarcinomas with our 3 different antisera using immunofluorescence. Precise studies on paraffin sections were performed for some tumours of each histological type.
Non-neoplastic mucosa adjacent to adenocarcinomas.-On paraffin sections of the colonic mucosa, adjoining the carcinoma, anti-M3 serum stained all goblet cells (Fig. 8a) . By contrast, anti-Ml serum specifically stained only some goblet cells (Fig. 8b) and the material around them.
Such patterns were seen in 32/58 samples, independently of the presence of M antigens in the adjacent tumoral areas. Anti-M2 serum did not stain these frozen sections.
Benign tumours.-On frozen sections of 3 colonic polyps, gastric MI antigen was seen in 2. One polyp without secretory activity (PAS and Alcian Blue staining were negative) was not stained with anti-M sera. The two other polyps were stained with anti-Ml and -M3 sera, but not with anti-M2 serum.
In the benign villous tumour, well differentiated goblet cells of the glandular epithelium were stained with both anti-MI and -M3 sera. M2 antigens were not found in this tumour.
Adenocarcinomas.-M antigens in the tumoral areas (studies on frozen sections).
The results obtained on frozen sections of colonic adenocarcinomas with the 3 anti-M sera are reported in Table II . About 50% of these tumours are stained by PAS antigens were present with the other two M antigens in the large pools of gelatinous and Alcian Blue and show intestinal M3 material (mucinous carcinomas) (10/100). antigen (53 of 100 cases). We have some-The tumoral glandular areas adjacent to times found gastric Ml antigens to be these mucoid zones generally showed M3 present along with the M3 antigen (19/ antigen alone, or Ml and M3 antigens 100) and in a few cases gastric M2 antigens together. These mucinous tumours were in appear together with the Ml and M3 anti-an advanced stage (Dukes' Stage C). (Fig. 9) . The new observation is the presence in these areas of a few columnar cells strongly stained by anti-Ml serum.
The well differentiated adenocarcinomas which in frozen sections were positive for MI and M3 antigens showed in paraffin sections a small number of cells stained with anti-M2 serum in the areas in which the glandular pattern became disarranged. The pattern of fluorescence with anti-Ml and -M3 sera, is similar to those shown in Fig. 10 . In one case, some tumoral areas had cells which were positive with anti-Ml serum and negative with anti-M3 serum, but another area contained cells which were negative with anti-Ml serum and positive with anti-M3 serum.
In the mucinous adenocarcinomas showing the 3 M antigens on frozen sections, gelatinous material was strongly stained with the 3 anti-M sera. Nevertheless, the isolated cancer cells included in the gelatinous material showed staining of various intensities, depending on the anti-M serum used. In one case anti-M3 serum labelled a few cells faintly, whilst anti-Ml serum stained more cells well, and anti-M2 serum stained a large proportion of the cells very strongly (Fig. 10) . DISCUSSION We have prepared 3 antisera which stained by immunofluorescence 3 different groups of well differentiated cells of normal gastrointestinal tract. These antisera characterized different antigens localized in the cytoplasm of these cells. The MI antigens were associated with columnar mucous cells of gastric surface epithelium, the M2 antigens with mucous cells of gastric and Bruinner's glands and the M3 antigen with goblet cells of intestinal mucosa. These results are summarized in Table I . Three similar cellular groups can also be demonstrated histochemically (Lev, 1966; Arey, 1974) :
(1) The mucous cells of surface epithelium PAS+, containing neutral mucins and localized in the gastric surface epithelium (Lev, 1966) .
(2) The mucous cells of cardia and pyloric glands. Many observers (Arey, 1974) have commented on the similarity between the gastric mucous neck cells and the mucous cells of Briinner's glands. These cells are stained by PAS reagent, but only weakly with alcian blue (Lev, 1966) .
(3) The goblet cells of intestinal mucosa which are PAS+ and alcian-blue+ and contain acid mucins (Arey, 1974 (Bara et al., 1977) . The histochemical data (Lev, 1966; Arey, 1974) demonstrate that the colonic mucoproteins are acid (alcian-blue+) Kawasaki & Kimoto (1974) also described 2 different glycoprotein antigens: one associated with gastric mucosa (GCMP) the other with intestinal mucosa (IMP). GMP was demonstrable in the PAS-stainable mucous cells of gastric glands and also in the Brtinner's glands. This localization is similar to the localization of M2 antigenic specificities. IMP was associated with alcianophilic goblet cells in the intestinal mucosa as M3 antigenic specificity, but no precise cellular-localization pictures were, to our knowledge, shown by these authors. Nevertheless anti-IMP serum was not absorbed by gastric extracts and stained the gastric mucosa only faintly, and similarly anti-CGMP serum was not absorbed by colonic extracts and stained faintly the surface epithelium of gastric mucosa and any cells of the intestinal mucosa (Kawasaki & Kimoto, 1974) . Such staining characteristics could be explained by the presence in these antisera of antibodies reacting with antigens common to gastric and colonic mucosae, as already described (Bara et al., 1977) .
In a recent work (Bara et (Denk et al., 1974) for the Blood Group A and B substances in AB patients. Kawasaki & Kimoto (1974) 
